Background: The incidence of diabetes and tuberculosis co-morbidity is rising, yet little work has been done to understand potential implications for health systems, healthcare providers and individuals. Kyrgyzstan is a priority country for tuberculosis control and has a 5% prevalence of diabetes in adults, with many health system challenges for both conditions. Methods: Patient exit interviews collected data on demographic and socio-economic characteristics, health spending and care seeking for people with diabetes, tuberculosis and both diabetes and tuberculosis. Qualitative data were collected through semi-structured interviews with healthcare workers involved in diabetes and tuberculosis care, to understand delivery of care and how providers view effectiveness of care. Results: The experience of co-affected individuals within the health system is different than those just with tuberculosis or diabetes. Co-affected patients do not receive more care and also have different care for their tuberculosis than people with only tuberculosis. Very high levels of catastrophic spending are found among all groups despite these two conditions being included in the Kyrgyz state benefit package especially for medicines. Conclusions: This study highlights that different patterns of service provision by disease group are found. Although Kyrgyzstan has often been cited as an example in terms of health reforms and developing Primary Health Care, this study highlights the challenge of managing conditions that are viewed as "too complicated" for non-specialists and the impact this has on costs and management of individuals.
Background
According to the World Health Organization (WHO), the world is on track to meet the target of a 50% mortality reduction of tuberculosis (TB) [1] , but new challenges such as diabetes are challenging this progress [2] . With 6% of TB cases worldwide attributable to diabetes [3] , there is the need to bridge the management of diabetes and TB from a health system perspective [4] . Looking at diabetes and TB from the population perspective can be seen as a double burden of disease, with the same population being affected by both conditions. However, at an individual level this is an issue of multi-morbidity/co-morbidity and the challenge this represents for the individual and the health system for management [5] .
A WHO collaborative framework on diabetes and TB designed to help policy-makers, public health specialists and healthcare workers address the joint burden of diabetes and TB calls for improved collaboration between diabetes and TB programs, as a part of the broader agenda in strengthening health systems [6] . It describes how past successes in coordination and collaboration between TB and HIV/AIDS programs can be used as a model.
The confluence of diabetes and TB is likely to exacerbate global health inequities and possibly also threaten nascent economic growth in these regions. Low and middle-income countries:
account for the majority of the world's population [7] have the highest burdens of both diabetes and TB [8] are likely to experience a rapidly rising incidence of diabetes by 2030 [9] have health systems organized for acute rather than chronic care [10] have health systems already challenged by double or triple disease burdens [11] and face increasing funding pressures, as health spending is not expected to increase faster than in other countries despite the expected increase in disease burden [12] Given these challenges, there is a need for studies to examine the joint medical costs of managing both conditions. Kyrgyzstan, located in Central Asia, is a former Soviet Republic with a population of 5·4 million. Lifeexpectancy at birth is 66 years for men and 73 years for women [13] and has been rising steadily rising since 1960 [14] . It is defined by the World Bank as a low income country [15] and is one of the 18 priority countries in the WHO EURO region for TB control [16] . Data from the National TB center shows a national prevalence of 190 per 100,000 in 2013 with a mortality rate of 11 per 100,000 [17] . In Bishkek, the capital city, there is a prevalence of 131.7 per 100,000 population and mortality rate of 18·1 per 100,000 [17] . This is compared to a prevalence of 73 and mortality rate of 5·1 per 100,000 population respectively in the WHO EURO Region [18] . Kyrgyzstan also has the second highest prevalence of multi-drug resistant TB (MDR TB) among new cases in the European region (at 36.6%) and the highest prevalence of MDR TB among previously treated cases (82.0%). Previously treated cases of TB account for 15.7% of all TB cases, a phenomenon that the WHO suggests may be indicative of clinical failures, the need for additional programme management and possible reinfection and/ or misclassification [19] . The International Diabetes Federation estimates a 5·0% prevalence of diabetes in those aged 20 to 79 years in Kyrgyzstan, which is expected to increase to 6·6% by 2035 [20] . Previous work has shown a high number of undiagnosed people with diabetes as well as weak capacity to respond to the needs of people with diabetes [21] .
Kyrgyzstan thus constitutes an ideal case study for trying to examine the barriers to the joint management of diabetes and TB, without the significant confounding of HIV/AIDS found in other low-income settings. Highly centralized, vertical TB control programs inherited from the Soviet system, such as those in Kyrgyzstan, are difficult to integrate with the general health services because of insufficient funding, sub-optimal allocation of available resources, poorly developed primary health care services and, often, psychological resistance on the part of TB specialists [22] . The aim of this paper is to examine the joint management of diabetes and TB from the demand and supply side of the health system, to highlight challenges in the management of these conditions.
Methods
Ensor and Cooper [23] define demand-side barriers as those that control decisions made by the community, household and individual. Supply-side factors are those that are linked to the provision of healthcare and the health system, and LMICs may struggle with to deliver care in the face of rising costs and cost-containment strategies [24] . The demand for healthcare is influenced by whether or not an individual realizes they are sick and are then "willing and able to seek appropriate healthcare" [23] . This in turn is influenced at the individual and household level by such factors as age, sex, education, income and whether the individual identifies illness and is willing and able to seek appropriate health care. The diagnostic groups and self assessed health status as measured by the multidimensional SF8 index of physical and mental health, will give an indication of need for services [25, 26] . Utilization will be measured using proxy indicators including: Health spending and the number of care-seeking visits in the last 90 days. Using data from the interviews with health service providers will provide the context for what the health system "supplies" to meet the demand of people with either diabetes and/or TB. The analytical framework adopted is presented in Fig. 1 .
Quantitative data were collected from individuals adapting a questionnaire used to collect data on TB care seeking in Cape Town, South Africa [27] . The questionnaire was translated from English to Russian and then back-translated to ensure accuracy and coherence and collected the following data:
Demographic and socio-economic characteristics Self reported health status as measured by the SF8, the short form of the SF36 measure of self-reported health Direct and indirect, formal and informal treatment costs
The quantitative patient questionnaire was administered at the main facilities in Bishkek where diabetes and TB care would be delivered by trained health systems researchers. Ethical clearance was obtained from University College London (Project 0025/001) and locally. Interview days were randomly selected over a given time period and all individuals attending the clinic on those days were invited to participate in the study.
Quantitative data were analyzed in Stata Version 12. Descriptive statistics are reported using pairwise comparison of means to test for differences. A linear regression model is fit for continuous dependent variables, while logistic regression is used for binary dependent variables. We control for sex, age, level of education and income in all models. Robust standard errors were estimated using bootstrapping to account for skewness in the continuous resource use and cost variables and to adjust for heteroskedacity in the logit models. All significant differences are calculated at the 95% confidence level.
Health expenditure is calculated as the costs of transportation to a health facility, the formal cost of the consultation and all other formal costs occurring at the point of care including diagnostic tests, any unofficial costs paid at the point of care, and any drug costs related to the care seeking event that may not have been incurred at the point of care. For hospital-based care, costs were collected for the most recent overnight admission, observation room and routine outpatient visit occurring during the reference period. Costs were collected for the most recent instance of care seeking only, to reduce recall bias. To measure total expenditure in the last 90 days, these costs were multiplied by the number of times respondents reported visiting that provider in the last 90 days. Catastrophic health care spending is considered, based on the percentage of monthly income spent on medical care. Health spending is described as catastrophic in this study if it equaled or exceeded 10% of total household income [28] [29] [30] . This threshold is used as this has been viewed as the level when households are forced to sacrifice other basic needs, sell assets, incur debt or enter poverty [31] . The costs of seeking care outside of a hospital do not include unofficial costs, and only capture the cost of one care seeking episode per non-hospital provider in the last 90 days i.e. respondents were not asked how many times they visited that provider in the last 90 days. As such the costs of nonhospital care seeking are likely to be highly conservative but they are included here for completeness. The SF-8 physical and mental health subscales are used as a measure of health care need.
Qualitative data from health service providers were collected using a tool adapted from the Rapid Assessment Protocol for Insulin Access (RAPIA) in Kyrgyzstan [32] . This required semi-structured interviews with healthcare workers involved in both diabetes and TB care. The aim of these interviews was to identify possible health system barriers and triangulate with quantitative data. Eight healthcare workers were interviewed from facilities identified by local partners as most likely to treat people with diabetes, TB and both conditions. Each interview lasted on average 45 min. Responses were entered into a spreadsheet and translated to English for analysis. In parallel a review of the literature was carried out to provide background information on the situation of diabetes and TB in Kyrgyzstan. The responses from the questionnaires were analyzed thematically focusing on gaining information about TB and joint management of diabetes and TB management building on data already collected and analyzed in a similar way just for diabetes [21, 32] .
The qualitative and quantitative data were initially analyzed independently so as to limit any contamination of, or bias in, the results. Once initial findings had been summarized, the quantitative data was used to highlight questions to be asked of the qualitative findings. The aims of those questions were generally to enhance the overall understanding of phenomena observed in the individual data.
Results
As described in Table 1 , 138 (44·7%) of the sample had been diagnosed with either Type 1 or Type 2 diabetes, 139 (45·0%) with TB but not with diabetes, and 32 (10·4%) with both diabetes and TB. Although the total sample was predominantly female (58·3%), co-affected respondents were significantly more likely to be male and better educated on average. Individuals with TB were significantly younger than both other groups and people with diabetes lived in smaller households than did the other two groups. These data are summarized in Table 2 , where it is worth noting that despite co-affected individuals appearing to have a much lower household income than the other groups, the wide variance in the income data result in that difference being non-significant.
TB services in Kyrgyzstan are delivered at all levels of the health system [33] . At the Republican (National) level the TB program is managed by the National Phthisiology Centre, Republican Rehabilitation Centre and the Republican TB Hospital. At Oblasts (Regions) the management of TB is done by TB control centers, hospitals; and finally at the level of the Rayons (Districts) by Rayon and InterRayon TB hospitals and dispensaries. Private providers in Kyrgyzstan are not allowed to deliver care for TB and people with the condition should be referred to a specialized facility. As TB is a large problem in the prison population (prevalence: 1767·0; mortality 430·1 per 100,000) the Department of Corrections under the Ministry of Justice is also a provider of care for TB [33] . Diabetes care is provided at Rayon, Oblast and National level [21, 32] . However, varying patient pathways were found for people with diabetes especially if they required insulin. In looking at the organization of diabetes and TB care as one doctor described it there is a "Lack of integration between the two services". To highlight this, another doctor from one of the TB specialized facilities described this as "Endocrinologist treats diabetes and we treat TB". All doctors interviewed highlighted this silo approach or as one doctor described it "parallel" care for people with both diabetes and TB.
Each specialty, diabetes or TB, called the other specialty when needed. Joint consultations were sometimes described, but both conditions were treated in specialist facilities or wards. The choice of admitting someone with diabetes and TB to TB or diabetes wards was based on how "dangerous" the individual is. The way this was viewed was that whichever condition was seen as more serious is prioritized. TB care is provided on an inpatient basis with people being admitted for 2-3 months and then discharged and receiving a further 4 month outpatient treatment. Diabetes care in Bishkek was mainly provided either at Family Medicine Centers (FMC) or through the Endocrinology Dispensary. For diabetes every year one or two inpatient stays at different levels of the health system are planned for patients.
Co-affected individuals should be receiving equivalent care for each of their illnesses, which is not found. The majority of care seeking reported by respondents, took place in a hospital environment. Although the patient survey asked about care seeking from specialists, general practitioners, pharmacists, clinics and other providers outside of the hospital environment, 86.1% of respondents had not sought any form of care outside of a hospital in the preceding 90 days. Of those who did seek care outside of a hospital, 72.1% were people with diabetes (0% coaffected) and 67.4% of those visits were to specialist doctors, while 23.3% were to pharmacists or medicine dispensaries. Individuals with TB only were less likely than people with diabetes only or co-affected individuals to use a hospital drug dispensary or have an outpatient visit, but more likely than individuals with only diabetes to have any contact with the hospital. No differences were observed between groups for emergency care visits (Table 4) .
This difference may also be explained by funding for TB. In an analysis of the National Health Accounts, funding for TB in Kyrgyzstan is financed 55% by the state budget and 44% by external donors [33] . The remaining 1% is out of pocket payments. In comparison Education is measured as a categorical variable with "1 = no schooling", "2 = completed primary school", "3 = completed secondary school" and "4 = completed tertiary education" b KGS = Kyrgyz Som: US$ 1.00 = KGS 46.01 (at average 2011 exchange rate) diabetes does not receive any direct external funding. About US$ 2-3 million spent on diabetes supplies representing 1.4-2.0% of total expenditure on health [32] . Overall 6.5% of total public spending and 18% of external support was spent on TB. Forty percent of all funds allocated for TB in Kyrgyzstan are allocated to inpatient facilities in comparison to 3% for outpatient facilities. The doctors interviewed stated that medicines and care should be free for both conditions. Donors supply medicines for TB, whereas the government does this for diabetes. All medicines for TB are treatment based on Direct Observed Treatment Short course (DOTS) and DOTS plus programs. and provided through external donors. DOTS is available to all newly diagnosed TB cases throughout Kyrgyzstan and the DOTS plus program is limited to some areas of Kyrgyzstan. Pre-qualified medicines are supplied to Kyrgyzstan mainly through the Global Fund and some government funds. With regards to diabetes poor purchasing practices were found leading to many people needing to purchase some or all of their medicines in the private sector [21] . This was not the case for insulin.
People may not have to pay for their TB medicines, but for other medicines that may be prescribed e.g. vitamins, which are not provided for free. However, financial barriers exist with regards to paying for transportation from FMC to facility where the person is referred to and especially for outpatient management of TB. Others also mentioned administrative issues acting as a barrier with referrals for people with diabetes and TB. Similar challenges we also found for people with diabetes in the previous study [32] .
From the questionnaire we find that individuals with only TB are less likely than people with only diabetes to spend anything in order to access care and in particular are less likely to spend on outpatient care or on drugs ( Table 3 ). The overall monthly spend of people with only TB was also less than that of people with only diabetes, as is the monthly spend on drugs. People with diabetes were more likely than co-affected individuals to have spent money on drugs. No other differences were found in the probability of spending on care or in the value of spending on care between the groups (Table 4) . People with diabetes spend the most overall and the cost of medicines is the largest portion of total spending for all groups. The differences found in the exit interviews may reflect the fact that people with TB receive their drugs as inpatients and do not have to pay separately for those drugs, or make separate outpatient visits to collect those drugs, whereas this may not be the case for diabetes impacting co-affected individuals.
Access to diagnostic tools for TB was not seen as problematic by the doctors interviewed and this assertion could not be tested with the quantitative data from TB patients. However, the doctors interviewed stated that some people have to pay for their chest x-rays. For diabetes it was found that there were problems with the availability of some laboratory tools and that HbA1c was only available in the private sector [32] . Problems with access to some diagnostic tools for diabetes e.g. blood glucose meters and strips at TB facilities were noted, but basic blood chemistry was available. The quantitative survey asked patients how much they had paid for diabetes test strips. More than a third (35%) of diabetic patients had paid for diabetes test strips, indicating that they had been purchased outside of the public health care system. As described by one doctor "Narrowly focused specialization complicates management of patients". This focus on one condition versus another was highlighted through quotes from both a diabetes and TB specialist when they respectively said "We treat diabetes and that's it" and "Since our main task is TB treatment, the primary treatment is focused on TB. And then we treat the co-morbidity". All doctors interviewed confirmed this by saying that endocrinologists lacked knowledge of TB and TB specialists lacked knowledge of diabetes. In addition it should be noted that for diabetes it was often said that General Practitioners were not able to treat diabetes and that they were "scared" of treating diabetes, especially using insulin [32] . There has been training in TB management in Kyrgyzstan funded by the Global Fund, but this training focused on TB and HIV/ AIDS. Issues around lack of knowledge of TB at lower levels of the health system were mentioned by specialists in that often there were problems identifying TB at FMCs. For diabetes management training had been carried out, but many stated that the challenge was then integrating this into daily clinical practice [32] . These factors may explain why despite requiring "double" care for their diabetes and TB, co-affected individuals actually receive less due to the lack of training and vertical management of the two diseases.
Good TB management is needed for good diabetes management and vice versa. But the challenge, as stated by some of the doctors interviewed, was that people with TB require more food and this is not advisable for people with diabetes. Also TB treatment is focused on inpatient care and "After 2-3 months of treatment, when they complete the intensive treatment phase, start feeling well [they] stop considering themselves as patients." So the main problem with adherence is when people are discharged from hospital. As people with diabetes and TB need to adhere to two sets of indications and medicines, that may be contradictory, this may impact their use of the health system. In addition cost of treatment may impact adherence and the assessment of catastrophic health payments in the total sample, and comparisons of catastrophic spending between groups found that 20.1% of the total sample spent catastrophically on their healthcare, with households spending an average of 11.8% of total household income on healthcare (Table 3) . People with only TB were less likely to incur catastrophic spending than people with only diabetes, while at the same time spent a lower percentage of their monthly income on care (Table 4) .
Discussion
Very different patterns of service utilization by disease group are found. Individuals with TB receive significantly more inpatient care and less outpatient care than the other two groups. People with diabetes have significantly more outpatient visits than people with TB. Co-affected individuals have the most visits to health centers to collect medication, followed by people with diabetes and people with TB. This pattern of service use, when compared with health need, raises two important questions with respect to the sufficiency, equity and efficiency of care. Firstly, coaffected individuals have significantly worse mental health scores than the other two groups and suffer from two diseases, but they neither receive more inpatient care nor more outpatient care than the other two groups. Furthermore, the doctors responding mentioned nothing about additional services for individuals co-affected by both diseases. This suggests that care for people affected by both diseases may be under-provided. Secondly, co-affected individuals have TB, but do not appear to receive the same inpatient-based treatment for their TB as do people affected by TB only. If inpatient care for TB is the more effective form of care in this context, then co-affected individuals are being treated with less effective care and this would be inequitable. If however, outpatient care is as effective as inpatient care in this context, then it is technically inefficient to provide inpatient-based care to individuals affected by TB alone. This highlights the challenge emphasized by Riza et al. [34] of what models of care are needed for the co-management of diabetes and TB. Although medicines and care for both conditions should be free, as they are covered by the State Guaranteed Benefit Package, our results show significant spending on drugs and care, often at catastrophic levels -co-payments often occur in LMIC even where treatment should be provided free at the point of access [35] . That said it is worrying to see the low levels of spending by co-affected individuals, as it would be expected they would spend more than individuals with only one condition.
The analytical framework outlined in Section 1 is simplistic but assisted in linking the concepts of need, service use and service provision in order to reflect on the sufficiency, equity and efficiency of care for individuals co-affected by diabetes and TB. This study has a few limitations in terms of different aspects of its methodology and findings. The interviews on the possible health system barriers were only carried out with 8 doctors and focused on the experience of individuals in Bishkek and not all of Kyrgyzstan. The tool used was an adaptation of an existing tool used for diabetes and may not have been able to capture all aspects of TB management. Parts of the results rely on published studies to fill in certain gaps versus having collected this information first hand. This study claims to provide insight into unmet need for care, but collecting data from patient exit interviews will bias the data towards people who are able to access some form of care. In addition, the very small sample of co-affected individuals has resulted in wide confidence intervals around measure of household income and health spending particularly. This may have resulted in large differences in income and expenditure showing as not statistically significant. That said, the use of multiple measures of need and multiple measures of care use, do indicate robustly, that co-affected individuals are receiving less care than people with lower or equivalent need. Despite these limitations to the authors' knowledge this is the first study of its kind to look at financial and health system barriers for the co-management of diabetes and TB.
Conclusion
Kyrgyzstan has been cited as an example in terms of health reforms and developing Primary Health Care [36] , however this study highlights the limits of this success in managing conditions that are viewed as "complicated" thus requiring specialist management. Verticalization of the health system impacts patient outcomes as well as health system targets for TB control. In many countries such as Kyrgyzstan, the link between TB and HIV is smaller than diabetes and TB [37, 38] and this will require a shift in a variety of health system factors including: healthcare provision and treatment guidelines; organization of the health system; government priorities and donor perspectives. This study shows that the WHO Collaborative Framework for Care and Control of Tuberculosis and Diabetes are in need of implementation at country level especially with regards to their aim of strengthening collaboration between diabetes and TB services [4] . Although a lot of emphasis in this framework is put on case detection, there is the need to guarantee quality management of diabetes and TB to ensure that the focus of the health system's response is not the management of the individual conditions, but the management of the individual.
